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The weather and technology effects on corn (Zea mays L.) yield in
the district of Ribeirao Preto were studied by a correlation analysis.
The most important monthly meteorological factor affecting porn yield
is total evaporation, which has significant correlation coefficients in
five of the six study months. All meteorological factors used for
analysis are significant in December, indicating that this is the
:ritical month for corn production.-Technology improvement during the
period 1957. to 1975 also plays a significant role in corn yield and
explains more than 45% of yield variation. The best yield-weather-
technology (YWT) model for corn yield prediction employs the summation
of relative humidity from October to March, and technology trend as
independent variables (predictors). The regression equation of the YWT
model, based on the data period of 1957-1975, is relatively stable and
the prediction errors range from 1,97% to4.32% when extrapolating to
independent test years after 1975. However, prediction accuracy of the
model for a current crop year may be improved by including all the
available historic data to the preceding year of forecasting in calculating
the regression coefficients. According to the test results, the predicted
yield for 1979 is 2527.89 kg/ha, if the summation of relative humidity
between October'and March is equal to the average of the same term from
1957 to 1978. Each 1% increase or decrease from the average will result
in a 1 17.18 kg/ha change in yield. The YWT model gives accurate corn
yield information and more importantly pre-dates the available official
estimate by at least 3 months.
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2INTRODUCTION
Reliable crop yield information is needed to estimate production
which assists farmers, agribusiness firms and government organs in
for efficient resource allocation. In most of the cropa
yield studies, weather and surrogate technology trend variables have been
used as predictors. Thompson (1969a,(1969a, 1969b) yield models employed
linear and quadratic terms of pre-season rainfall, monthly temperature
and '.total precipitation, and three trend variables for corn and wheat.
Huda et al. (1976) used weekly meteorological data and crop year number
to explain yield variation in corn'. Other studies using plant nrttrient
content (Walker and Peck, ' 1974) or indices derived from meteorological
factors (Baier, 1968; Sakamoto, 1978) as predictors, or substituting
trend variable to a direct marker such as nitrogen use (Nelson and Dale,
1978) were also exercised, For further literature on crop-weather analysis
modeling the reader is referred to 8aier's revie(i (1973).
In this paper, attempts are made to develop a model which predicts
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corn (Zea mays L.) yield earlier than the Agricultural Economics Institute
(IEA) final estimate in July., The application of this modeling approach
could lead to early crop forecasting and contribute to market strategy
planning in the agribusiness sector.
STUDY AREA
The Regional Agriculture Division (DIRA) in Ribeirao Preto is one of
ten agricultural . districts in Sao Paulo Stater. DIRA-Ribeirao Preto was
selected as the study area due to its advanced level of crop technology
and.relative homogeneous climate, topography, soil types, and above all,
as one of the state's major corn pl,rducers.
DATA SOURCES
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Following soybean, corn is the most important annual crop in the
study area. Generally, corn is planted in the months of October and
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November and harvested from May to June. In this study, historic yield
data are obtained by dividing IEA's final estimates of production (kg)
by harvested acreages (ha.). Monthly weather data were provided by the
Meteorological Service of the Agricultural Ministry. The data set from
1957 to 1975 were used for yield modeling, while the data after 1975
were tested independently to verify the prediction accuracy of the
model selected.
ANALYSIS PROCEDURES
Yield Model DeveZopn(ent
(1) The selection of yield predictors (independent variables)
Temperature, solar radiation, precipitation and nutrient applications
are important factors influencing crop growth and their yields. For yield
predictor selection simple correlation analyses were carried out between
historic yields and data of monthly weather variables which are readily
accessible and would be expected to affect crop yield. Any long term
increase in yield attributed to non-weather factors, such as improved
disease resistant varieties, fertilizer and defensive chemical applications,
were designated to the surrogate variable "technology trend". Investi-
gations of the yield data series suggested that the technology trend was
linear from 1957 to 1975. Consequently, to correlate this variable with
historic corn yield, a series of numbersstarting from 1 was coded to each
year for analysis (i.e., 1957-1, 1958-2 ... 1975-19).
(2) Yield-Weather-Technology (YWT) Modeling
A yield time series is viewed here as a function of weather and
technology trend and may be expressed as Y = a 4•
 EbiXi + cT i• a where,
Y is the corn yield (kg/ha); Xis' are weather variables; T is technology
trend; a is interception; bis' and c are partial regression coefficients
and a 7s the random error. In developing the best YWT model, historic
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After corn yield modeling,
in the selected model should D
YWT model were run for periods
and 1957-1978. The partial
regression equations were then
variations through time.
the stability of the regression coefficients
e tested. The regression equations of the
of one-year increments; 1957-1970, 1957-1971,,
regression coefficients of the nine
compared in order to observe their
?',r
corn yields, departures from the 19-year averages (norma)s) of meteorol
ogical data for selected months and technology trend from 1957 to 1975
were used in the regression analysis. The'stepwise multiple regression
program of the SPSS, Statistical Package for Social Sciences (Nie et al.,
1975) was run to select the independent variables according to their
ntati
	
ca significance. 06ng ' the various multiple regression yield
nodels generated by the stepwise inclusion approach, the model which
contained the 1past number of predictors and explained a reasonable amount
of yield variability was selected for this study.
Yi.el.d AlodeZ Testing
(1) Stability of regression coefficients
(2) Model , validation - corn yield prediction accuracy test
The predictive ability of many yield models found in the literature
show a lack of testing with independent data. This is normally the case
because all of the available historic data were needed to develop a yield
model without leaving a time period for a model validation test. In the
present study, the stable regression-equations of the YWT model were
tested for their prediction accuracies. This was accomplished by
multiplying the regression coefficients with the meteorological observa-
tions and the extrapolated technology variable of the independent year(s),
following each corresponding data period used for computing the regression
coefficients of the equation. The relative differences between the
model predicted corn yields and the IEA's final estimates were calculated.
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positive effects of relative. )tumidity on corn yield and root systems
' have been demonstrated by 8reazeale and McGeorge (1953). The negative
correlation of total evaporation and yield may be explained by problems
of water stress induced by high evaporation rates. All 	 of the variables
3. which correlated significantly with yield 	 could be used as predictors.
However, because of the large number (fourteen) of predictors being
f considered and the multicollinearity among them, five variables were
selected. These predictors were: mean temperature (T D ) and total
precipitation (PD) • of December, summations of monthly total evaporation
Eom)	 and relative humidity (Rliom) from October to March and linear
technology trend (TT).
I-- (2) YWT modeling
In yield modeling, rather than using the original meteorological data
 of the predictors, departures from the-19-year (1957-1975) normal's were
used. Five yield models we re • gone rated by the SASS program (Table II).
Variable Eom, which has the highest correlation with yield, was the first
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RESULTS AND DISCUSSION
Yield Modet .7%veZopment
(1) The selection of yield predictors
,r	 •
The correlation coefficients in Table I show that total evaporation
was significantly correlated to corn yield in five of'the six study
months and has a synergistic effect on yield when the summation was
used ( r= -0.82). Other variables which correlated significantly to
yield included total evaporation-in January (-0.76), the summation
of relative humidity from October to March (0.72) and technology trend
(0.68). All the meteorological variables used for analyses are signifi
cant in December, confirming this month as critical for corn production.
Either higher than normal temperature or lower than normal precipitation
th'	 4.1	 fl	 t	 d	 'eld in the re ion Th
°%(•yc^i:^"^-k^s[{'91^^^-!A F __.	 ...	 __	 _.,.
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predictor selected in the regression and responsible for 67% of the
yield variation. Model
	 3, using the summations of total evaporation and
Y, relative humidity from October to March and technology trend as predictors,
explained 92% of the fluctuation in.yield. A further investigation revealed
that Eom could be deleted from model 3 and still explain a reasonable
amount of yie+d-veri•ati •on-(91%).	 Thus, the YI4T model for corn- yiel-d • was -	 -
chosen and expressed as Y = a + b (OFN of RH om )+ cTT.
ModeZ Teating4r
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(1) Stability of regression coefficients
` F Regression coefficients and R 2
 values of the YWT model for nine
different data periods are shown in Table III.
	 The addition of 1971,• a
poor crop year (1725.93 kg/ha), modified the regression coefficients of
r: the 1957-1970 equation from 17.62 to 18.08 for variable PH
	 and from ^<
om
39.82 to 36.31
	 for variable TT,	 These modifi cations, remained. relatively
{{
stable until
	 1974.	 Corn yi,-1d of 1975 was 22.45% higher than the previous
Pi 18-year yield normal, but 3.33% lower than the PH om normal.
	 This abnormal
data substantially changed the coefficients of the 1957-1974 ,equation.
Any additional years beyond 1975 did not change the regression coefficients
in the model.	 For the purposes of this study it is concluded that to
F
s tt
construct a YWT model
	 at least a 19-years data period, from 1957 to
1975,	 should be used.
(2) Model validation
The stable regression equation of the YWT model based on three
different data periods	 (1957-1975,	 19'57-1976 and 1975-1977) were tested
for their yield prediction accuracies using meteorological
	 data of the
c, year(s) following each data period.
	 Comparisons of the model predictions
to the IEA final estimates are presented in Table IV. The relative
differences between model predictions and IEA estimates for the six
r
independent tests ranged from 1.97% to 4:32%. The smallest differences
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for the test years 1976, 1977 and 1978 in the diagonal of the table,
suggest that the best current yield prediction can be achieved by
applying all the available historic data to the preceding prediction
year in computing the regression coefficients.
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Multiple regression techniques were applied to historic meteorological
data and technology trend for corn yield prediction in the Ribeirao Preto
Agricultural District. The study period from 1957 to 1978 includes three .
abnormal weather years; 1968, 1969 and 1971. The range of corn yields
vary from 1195,98 kg/ha for 1968 to 2713.05 kg/ha for 1976. In this study,
a Y14T (Yeild-Weather-Technology) model was developed using a single
meteorological variable, summation of monthly relative humidity from
Pctuber to March, and a linear technology trend as predictors. This model
not only accurately represents yield fluctuations during the data period
from 1957 to 1975, but also in the three successive independent test years
-from 1976 to 1978 (Fig. 1). However, the results suggest that for an
operational yield prediction all the -available historic data should be
included in calculating the regression coefficients of the multiple
regression equation. The YWT model predicted normal corn yield for 1979
is 2527.89 kg/ha,•assuming that relative humidity between October and
March is equal to the 1957-1978 average. Any positive or negative 1%
departure from the previous 22-year RHom average will
.
 cause a +_ 17.18 kgMa
change in normal yield. Caution should be taken in applying the model
if there is a levelling off of the technology trend. In this case, other
time trend variables could be added to the model.
The growing season for corn is from October to May and the TEA final
estimate is made available in July, several months following the harvest.
The YWT model relies on monthly relative humidity through March thus
pre.-dating the yield information by at least 3 months. This 'timely and
accurate yield data would greatly benefit agricultural decision makers.
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TABLE 11
Constants and coefficients of corn yield models for DIRA 	 Ribeirao
Preto (data base : 1957-1975)
fi
C.
Model no,
Variable Normal 2 3 4 5
Constant 1902,85 1902.85— 1384.31 1351.55 1336,63
Eon)
	(DFN) 664.83 -2.23 -1.0 0.54• 0.87 0.90
Mom (DFN) 439.89 7.75 20.14 19.22 19.48
TT 51.85 55.14 56.64
TD (DFN) 23.24 87-94 -109.90
P D (DF14) 269.69 -0.25
Stand, error 229.80 217.47 119.31 102,37 102.75
of estimation
Coeff. of G.67 0.85 0.92 0.95 0.95
determi na l.i on
Eon, = summation of total e taporation from Oct. to Kar. Rliom - summation
of relative humidity from Oct. to Mar•,	 TD = wan temp. Of Dec -, PD
precip.	 in	 Doc. and DFN = departure from 1957-1975 normal.
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ATABLE III
Regression coefficients and R2 values of the selected YWT model* based
on different data periods
Data period Coefficient .72._
a
1957-1970 0.921493.90 17.62 39.82
1957-1971 1497.63 18.08 36.31 0.91
1957-1972 1511.42 18.13 36.69 0.93
1957-1973 1519.32 18.14 36.83 0.93
1957-1974 1516.98 18.18 38.28 0.94
1957-1975 1466.39 16.98 43.64 0.91
1957-197E 1468.66 1.7.27 45.21 0.93
' 1957,,-, 1468.29 17.32 46.10 0.93
1
1957-1978 1454.25 17.18 46.68 0.94
' Estimated corn yield = a'+ b (DFN of RHom) + c TT
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TABLE IV
Comparisonsof estimated corn yield by YWT.model and IEA
s.
Af^
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Estima ted corn yield (kg/ha)
Test year	 YWT model estimate using the data period of
IEA	 1957- 975	 1957-1976T	 T17—
1976	 2713.05	 2595.76(-4.32%)^
1977	 2615.70	 2520.54(-3.64%) 2544.99( 2.70%)
1978	 2320.42	 2241.51(-3.40%) 2261.98(-2.52%) 2274.69(-1.97%)
Relative difference in percentage. 	
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Fig. 1 - Comp,rrisoil of estimated corn yield by IE A and YIIT model based on
data period 1957-1975.
